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Background:  Teeth  are  amongst  the  hardest  structures  of  the  human  body  which  are  resistant  to  adverse 
conditions  such  as  incineration,  immersion,  trauma,  mutilation,  decomposition  and  hence,  used  in 
forensic  investigations.  It  is  also  a  valuable  source  of  DNA  as  other  parts  of  the  body  gets  destroyed  or 
degraded  in  mass  disasters.  The  fast  technological  advancements  in  DNA  research  have  revolutionized 
the  field  of  forensic  medicine  and  the  present  work  was  undertaken  to  provide  an  insight  in  to  the  recent 
concepts  of  DNA  profiling  in  Forensic  dentistry. 

Methods:  Articles  were  identified  by  searches  in  PubMed  and  Embase  electronic  databases  from  1980 
through  July  2010. 

Results:  DNA  profiling  provides  an  exact  identification  of  an  individual  in  mass  disasters,  identification  of 
culprits  in  crime  scene  investigations  and  solving  paternity  issues  as  well.  It  also  provides  information 
regarding  the  physical  characteristics,  ethnicity  and  sex  determination. 

Conclusion:  Teeth  should  be  considered  for  DNA  analysis  as  they  are  rich  sources  of  quality  DNA  which 
can  be  utilised  in  all  forensic  investigations.  From  variable  number  tandem  repeats  (VNTRs)  to  single 
nucleotide  polymorphism  (SNP),  the  field  of  forensic  DNA  research  has  been  true  to  the  characteristics  of 
any  scientific  process  and  it  has  never  been  static  but  represents  a  continuous  evolution  of  technological 
development. 

©  2011  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Forensic  dentistry  is  an  important  sub  specialty  of  forensic 
medicine  which  is  contributing  immensely  in  solving  difficult 
criminal  cases  and  in  identification  of  individuals  in  mass  disasters. 
The  world  has  experienced  many  mass  disasters  like  acts  of 
terrorism,  bombings,  earthquakes,  hurricanes,  tsunami,  railway 
accidents,  air  crashes  and  other  transportation  mishaps  in  the 
recent  times.1  In  these  circumstances,  exact  identification  of  an 
individual  becomes  difficult  as  the  bodies  are  charred  or  destroyed 
beyond  visual  recognition.  Dental  identifications  have  always 
played  a  key  role  in  natural  and  man  made  disaster  situations  as  the 
teeth  and  jaws  resist  extreme  temperature  conditions  and  can 
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provide  a  valuable  clue  in  identification  of  an  individual.  Disaster 
victim  identification  traditionally  relies  on  the  combined  efforts  of 
police,  dentists  and  pathologists  where  ante  mortem  information 
from  the  missing  persons  are  compared  with  post  mortem  data  of 
the  dead  persons.2  In  some  of  the  cases,  dental  investigations  may 
fail  due  to  lack  of  proper  ante-mortem  records.3  The  dental  records 
such  as  casts,  models,  radiographs  will  be  very  valuable  for 
comparing  with  post  mortem  records  in  cases  of  mass  casualties.4,5 

If  ante  mortem  data  is  unavailable  then  the  exact  identification 
becomes  difficult  and  only  the  DNA  profiling  systems  can  reveal  the 
exact  identity  of  a  person.  Because  of  the  resistant  nature  of  dental 
tissues  to  environmental  assaults,  such  as  incineration,  immersion, 
trauma,  mutilation  and  decomposition,  teeth  represent  an 
excellent  source  of  DNA  material.6,7  When  the  conventional  dental 
identification  methods  fail,  this  biological  material  can  provide  the 
necessary  link  to  prove  identity.8,9  Matching  of  the  DNA  extracted 
from  the  teeth  of  an  unidentified  individual  with  DNA  isolated  from 
known  ante  mortem  samples  such  as  stored  blood,  tooth  brush, 
hairbrush,  clothing,  cervical  smear,  biopsy,  to  a  parent  or  sibling  is 
the  usual  procedure  in  DNA  analysis.10 
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The  fast  technological  development  in  molecular  biology, 
forensic  applications  of  human  polymorphism  and  the  increasing 
knowledge  of  the  human  genome  is  having  a  major  impact  on 
forensic  medicine.  Genetic  characterization  of  individuals  at 
the  DNA  level  enables  identity  testing  from  a  minimal  amount  of 
biological  specimens.11,12  DNA  typing  systems  like  Short  tandem 
repeats  (STRs),  Single  nucleotide  polymorphism  (SNPs),  X  and  Y 
chromosome  analysis  have  revolutionised  the  field  of  forensic 
medicine  which  is  now  referred  as  “Forensic  Genetics”.13  The  DNA 
analysis  can  provide  an  exact  identification  of  a  person  and  also 
give  details  about  an  individual’s  physical  characteristics,  ethnicity, 
place  of  origin,  and  sex.  The  currently  available  DNA  tests  have  high 
reliability  and  are  also  accepted  as  legal  proofs  in  courts.14,15  This 
article  provides  a  comprehensive  review  of  the  recent  concepts 
regarding  DNA  extraction,  isolation,  amplification,  and  DNA 
profiling  systems  applicable  to  forensic  dentistry. 

2.  Methodology 

2.3.  Search  strategy 

In  this  review,  articles  were  identified  by  searches  on  electronic 
data  bases  such  as  Pub  med  database  and  EMBASE  from  1980 
through  July  2010  in  the  English  language.  The  following  search 
terms  were  used:  “DNA  Profiling  in  forensic  dentistry”,  “DNA  finger 
printing  in  forensic  dentistry”,  “Teeth  and  DNA  analysis",  “Dental 
pulp  and  DNA  analysis”,  “DNA  isolation  methods”,  “DNA  amplifi¬ 
cation”,  “Forensic  DNA  Typing",  “STR  Typing”  “mtDNA  Typing”, 
“SNP  typing”,  “Y  chromosome  analysis”,  “X  chromosome  analysis”. 

2.2.  Selection  criteria 

The  cross  sectional  studies,  cohort  studies,  randomised 
controlled  trials,  in  vitro  studies,  which  were  describing  the 
development,  use,  strategies  and  methods  or  comparison  of  DNA 
technologies  applicable  to  forensic  dentistry  were  included. 

2.3.  Data  collection  and  analysis 

The  information  was  abstracted  from  each  of  the  included 
studies.  The  DNA  technologies  and  methods  applicable  to  forensic 
dentistry  were  assessed  and  compared  descriptively  with 
respect  to  their  usefulness,  comprehensiveness,  advantages,  and 
disadvantages. 

3.  Role  of  DNA  in  identification 

Any  type  of  organism  can  be  identified  by  examination  of  DNA 
sequences  unique  to  that  species.  Every  cell  of  an  individual  carries 
a  copy  of  the  DNA.  Order  of  base  pairs  in  the  DNA  of  every  indi¬ 
vidual  is  different  except  identical  twins.  The  uniqueness  is  due  to 
the  intron  regions  of  DNA  which  contain  sequences  that  are  20—100 
bp  in  length  that  are  repeated  at  different  locations  (loci)  along  the 
chromosome  like  AGACTAGACATT—  AGATTAGGCATT  which  are 
called  sequence  polymorphism.  The  length  polymorphism  like(- 
AATG)(AATG)(AATG)  (3  repeats)  and  (AATG)(AATG)  (2  repeats)  are 
termed  as  Short  tandem  repeats  (STRs)  which  are  used  in  forensic 
identification.16,17 

4.  History 

4.1.  The  discovery  of  DNA 

DNA,  the  molecule  that  carries  genetic  information  from  one 
generation  to  the  other  was  discovered  by  James  Watson  and 


Francis  Crick  in  1953.18  They  presented  the  structure  of  the  DNA- 
helix  for  the  first  time  and  shared  the  Nobel  Prize  with  Maurice 
Wilkins,  nine  years  later  in  1962,  for  solving  one  of  the  most 
important  biological  riddles.19 

4.2.  Forensic  DNA  analysis 

It  has  been  25  years  since  ‘DNA  fingerprinting’  or  DNA  typing 
(profiling)  as  it  is  now  known,  was  first  described  in  1985  by  an 
English  geneticist  named  Dr.  Alec  Jeffreys.20  He  discovered  that 
certain  regions  of  DNA  contained  DNA  sequences  that  were 
repeated  and  could  differ  in  each  individual.21  Jeffreys  developed 
a  technique  to  examine  the  length  variation  of  these  DNA  repeat 
sequences  which  had  the  ability  to  perform  human  identity  tests  22 
These  DNA  repeat  regions  are  called  as  VNTRs  (Variable  number 
tandem  repeats)  and  was  first  used  to  solve  an  English  immigration 
case  and  shortly  thereafter  to  find  out  the  culprit  in  a  double 
homicide  case  and  since  then,  human  identification  using  DNA 
profiling  methods  has  been  widespread.23 

“DNA  finger  printing”  the  analogy  to  fingerprinting  coined  by 
Alec  Jeffreys,  was  found  to  be  seriously  unhelpful.  Evett  and  Buck- 
leton  advocated  a  change  to  DNA  profiling  that  has  been  largely 
accepted.  DNA  profiling  made  the  system  more  sensitive,  more 
reproducible,  amenable  to  computer  data  basing,  and  soon  became 
the  standard  forensic  DNA  system  used  in  criminal  case  work  as 
well  as  paternity  testing  worldwide.24 

5.  Teeth  and  DNA  analysis 

DNA  is  preserved  in  the  teeth  and  bones  for  a  very  long  period 
and  thus  are  a  valuable  source  of  information.  Ancient  DNA  (aDNA) 
analysis  can  be  carried  out  through  extraction  of  the  tiny  amounts 
of  DNA  remaining  in  samples  that  are  hundreds  to  tens  of  thou¬ 
sands  of  year’s  old.25  Teeth  are  resistant  to  adverse  conditions 
degrading  the  DNA,  such  as  humidity,  high  temperature,  and  the 
microbial  action.26-28  In  the  tooth,  dentin  and  pulp  are  a  rich 
sources  of  DNA  which  can  be  successfully  extracted.28,29  Results  of 
a  study  demonstrated  that  sufficient  quantity  of  DNA  can  be 
extracted  from  the  crown  body,  root  body,  and  root  tip.  However 
the  root  body  is  the  region  which  yields  highest  quantities  of 
DNA.30  Not  only  the  quantity  of  DNA  available  for  the  laboratory  is 
important,  but  also  the  quality  and  purity.  Furthermore,  an  abun¬ 
dance  of  quality  DNA  can  be  extracted  from  a  tooth  which  is  an 
important  advantage  in  DNA  analysis.31,32 

6.  Sampling  of  the  tooth  for  DNA  extraction 

Various  methods  have  been  reported  regarding  the  extraction  of 
DNA  from  the  tooth  which  includes  sectioning  of  teeth  horizontally 
at  the  cemento-  enamel  junction  or  vertically  up  to  root  tip, 
scraping  and  aspiration.33,34 

In  a  modified  horizontal  sectioning  procedure,  the  tooth  is  cir¬ 
cumferentially  scored  1  mm  below  the  cemento-enamel  junction 
with  a  long-shanked  round  bur  leaving  a  2—3  mm  wide  isthmus  of 
intact  tooth  structure  on  the  facial  surface.  The  crown  is  then 
manually  separated  from  the  root.  A  large  round  bur  is  then  used  to 
remove  as  much  coronal  and  root  dentin  as  possible.  Restoring  the 
shape  of  the  tooth  back  to  its  pre-sampled  state  is  possible,  by 
re-approximating  the  crown  and  root  portions  of  the  tooth  at  the 
isthmus  and  can  be  returned  to  the  surviving  family  members  after 
completion  of  the  analytical  procedures  and  publishing  of  the 
results.  This  method  has  many  advantages  like  simplicity,  ease  of 
access,  preservation  of  crown  as  well  as  root  structure,  and  the 
ability  to  restore  the  tooth  very  close  to  its  pre-sampled  state  28 
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DNA  can  also  be  extracted  by  horizontal  sectioning  of  the  tooth 
with  extirpation  of  the  dental  pulp  from  the  chamber  and  grinding 
the  remaining  root  to  a  fine  powder  saving  the  crowns  of  the  teeth. 
The  dentine  cement  powder  and  dental  pulp  can  be  used  for  DNA 
extraction  separately.35 

Crushing  of  the  teeth  or  cryogenic  grinding  is  another  method 
which  also  yields  sufficient  amount  of  the  genetic  material  where 
a  freezer  mill  is  used  to  pulverise  teeth  under  frozen  preparation  in 
liquid  nitrogen  under  sterile  conditions.  The  drawback  of  this 
technique  is  that  it  can  result  in  the  total  destruction  of  the  tooth 
sample.8 

Recently  conservative  methods  are  gaining  importance  rather 
than  grinding  the  whole  tooth.  Tooth  samples  of  archaeological 
importance  or  museum  samples  have  to  be  preserved.  Since  the 
dental  pulp  is  also  rich  source  of  the  genetic  material,  the  pulp 
chamber  can  be  accessed  through  conventional  access  cavity 
preparation  and  dental  pulp  can  be  retrieved.  The  advantages  of 
this  technique  are  its  simplicity,  relatively  low  cost  and 
preservation  of  the  tooth  integrity  which  can  be  considered  in 
forensic  investigations.33,36 

7.  DNA  isolation  methods 

Forensic  DNA  analysis  can  be  increasingly  problematic  since 
samples  from  the  scene  of  crime  or  a  mass  disaster  may  contain 
only  minute  amounts  of  DNA,  which  may  include  polymerase  chain 
reaction  (PCR)-inhibitors.  Efficient  DNA  extraction  procedures  as 
well  as  accurate  DNA  quantification  methods  are  critical  steps 
involved  in  the  process  of  successful  DNA  analysis  of  such 
samples.37 

7.2.  Organic  extraction  (phenol  —  chloroform  method) 

The  phenol-chloroform  method  is  a  sensitive  but  oldest  method 
for  the  extraction  of  DNA  from  a  wide  variety  of  forensic  samples. 
Even  though  it  yields  high  quality  DNA,  it  has  many  disadvantages 
like  it  is  very  laborious,  time  consuming,  handling  of  dangerous 
organic  solvents  and  can  only  be  done  if  abundance  of  sample  is 
available.  Due  to  these  setbacks,  the  phenol/chloroform  method  has 
been  superceded  by  many  other  techniques  which  have  made  it 
irrelevant  at  present 37,38 

7.2.  Silica  based  DNA  extraction  methods 

Silica  based  methods  are  suitable  for  extraction  of  DNA  from 
ancient  bones  and  teeth  (aDNA).  The  silica-based  extraction 
method  showed  better  results  in  nuclear  STR  typing  from  degraded 
bone  samples  than  a  commonly  used  phenol/chloroform  method.39 
Digesting  of  the  bone  powders  with  proteinase  K,  and  then 
extracting  purified  DNA  directly  using  silica-based  spin  columns 
(QIAquick,  Q1AGEN)  is  also  an  efficient  method  of  DNA  isolation.40 
Recovery  of  PCR-amplifiable  DNA  from  ancient  bone  and  teeth 
specimens  can  be  maximised  by  a  combination  of  DNA  extraction 
from  bone  powder  using  a  buffer  consisting  solely  of  EDTA  and 
proteinase  K,  and  purification  of  the  DNA  by  binding  to  silica  in  the 
presence  of  high  concentrations  of  guanidinium  thiocyanate.  It  also 
results  in  minimizing  co-extraction  of  substances  that  inhibit 
PCR.41  Silica-based  aDNA  extracts  using  ion-exchange  columns 
considerably  improved  PCR  amplification  and  can  be  useful  in 
poorly  preserved,  PCR-resistant,  ancient  samples.42  A  combination 
of  total  demineralization  and  ion-exchange  columns  increases 
approximately  three  times  higher  DNA  recovery  from  old  bone 
compared  to  incomplete  demineralization  method.43,44 


7.3.  Chelex  100 

Procedures  utilizing  Chelex  100  chelating  resin  have  been 
developed  for  extracting  DNA  from  forensic-type  samples  to  be 
used  with  the  PCR.  The  procedures  are  simple,  rapid,  involve  no 
organic  solvents  and  do  not  require  multiple  tube  transfers  for  most 
types  of  samples.45  The  extraction  of  DNA  from  dental  pulp  using 
this  method  is  reported  to  be  efficient  compared  to  proteinase  K 
and  phenol-chloroform  extraction.  Chelex  100-based  DNA  extrac¬ 
tion,  amplification,  and  typing  are  possible  in  incinerated  teeth.46 

7.4.  Commercial  DNA  extraction  kits 

The  PrepFiler  Forensic  DNA  extraction  kit  enables  isolation  of 
genomic  DNA  from  a  variety  of  biological  samples.  The  kit  facilitates 
reversible  binding  of  DNA  with  magnetic  particles  resulting  in  high 
DNA  recovery  from  samples  with  very  low  and  high  quantities  of 
biological  materials  such  as  saliva  on  swabs,  semen  stains  on  cotton 
fabric,  samples  exposed  to  environment,  samples  with  polymerase 
chain  reaction  (PCR)  inhibitors,  blood  stains  on  denim,  cotton  cloth, 
FTA  paper,  and  touch  evidence-type  samples.47,48 

8.  DNA  amplification  methods 

8.2.  The  polymerase  chain  reaction  (PCR) 

The  polymerase  chain  reaction  (PCR)  is  a  technique  in  molecular 
biology  to  amplify  a  single  or  few  copies  of  a  piece  of  DNA  across 
several  orders  of  magnitude,  generating  thousands  to  millions  of 
copies  of  a  particular  DNA  sequence  49  Polymerase  Chain  Reaction 
(PCR)  was  developed  in  the  year  1983  by  Kary  Mullis  for  which  he 
was  awarded  Nobel  prize  in  chemistry  in  1993.50,51  The  drawbacks 
of  PCR  is  that  Quantification  is  exceedingly  difficult 52 

8.2.  Real  time  polymerase  chain  reaction 

Real  time  PCR  is  refinement  of  the  old  PCR  technique  and  is  the 
most  powerful  tool  for  DNA  amplification.  Some  of  the  limitations 
of  the  old  PCR  were  resolved  in  1992  by  the  development 
of  real-time  PCR.  It  was  developed  by  Higuchi  et  al.53  Typical  uses  of 
real-time  PCR  includes  pathogen  detection,  gene  expression 
analysis,  single  nucleotide  polymorphism  (SNP)  analysis,  analysis  of 
chromosome  aberrations,  and  most  recently  the  protein  detection 
as  well.52,54,55 


8.3.  AmpFISTR  MiniFiler  and  AmpFISTR  Identifier  PCR  amplification 
kits 

The  AmpFISTR  MiniFiler  polymerase  chain  reaction 
amplification  kit,  developed  and  supplied  by  applied  biosystems, 
compliments  the  AmpFISTR  identifiler  polymerase  chain  reaction 
amplification  kit  by  improving  the  success  rate  when  profiling  DNA 
that  is  degraded  or  contains  inhibitors.56 

9.  DNA  typing  (profiling)  systems 

DNA  profiling  uses  a  variety  of  DNA  typing  systems  including: 
Restriction  Fragment  Length  Polymorphism  (RFLP),  Short  Tandem 
Repeat  (STR)  typing,  Mitochondrial  DNA  (mtDNA)  analysis,  Y 
chromosome  analysis,  X-chromosome  STR  Typing,  Single  Nucleo¬ 
tide  Polymorphism  (SNP)  typing  and  Gender  typing. 
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9.1.  Restriction  Fragment  Length  Polymorphism  (RFLP)  typing 

RFLP  is  one  of  the  oldest  DNA  typing  methods  which  are  no 
longer  practiced  at  present.  It  is  used  for  analyzing  the  variable 
lengths  of  DNA  fragments  that  result  from  digesting  a  DNA  sample 
with  a  special  kind  of  restriction  enzyme  called  “restriction  endo¬ 
nuclease”  which  sections  DNA  at  a  specific  sequence  pattern  known 
as  a  restriction  endonuclease  recognition  site.  With  the  develop¬ 
ment  of  newer,  more  efficient  DNA-analysis  techniques,  RFLP  is  not 
used  as  it  once  was,  because  it  requires  relatively  large  amounts  of 
DNA,  cannot  be  performed  with  the  samples  degraded  by  envi¬ 
ronmental  factors  and  also  takes  longer  time  to  get  the  results.57,58 

9.2.  Short  tandem  repeats  (STRs)  typing 

They  are  described  as  short  stretches  of  DNA  that  are  repeated  at 
various  locations  throughout  the  human  genome  and  this  tech¬ 
nology  is  used  to  evaluate  specific  regions  (loci)  within  nuclear 
DNA.  Each  person  has  some  STRs  that  were  inherited  from  father 
and  some  from  mother  but  however  no  person  has  STRs  that  are 
identical  to  those  of  either  parent.  The  uniqueness  of  an  individual’s 
STRs  provides  the  scientific  marker  of  identity  and  hence  is  helpful 
in  forensic  identification  and  paternity  testing.  Since  there  are 
numerous  variations  in  STRs  the  chance  of  matching  two  different 
individuals  is  very  remote.59-61 

9.2. 1.  CODIS 

CODIS  stands  for  Combined  DNA  Index  System.  It  was  established 
and  funded  by  the  Federal  Bureau  of  Investigation  (FBI)  which  has 
become  the  core  of  the  national  DNA  database.  It  was  developed 
specifically  for  enabling  public  forensic  DNA  laboratories  to  create 
searchable  DNA  databases  of  authorized  DNA  profiles.  The  CODIS 
software  permits  laboratories  throughout  the  United  States  (US)  to 
share  and  compare  DNA  data.  In  addition,  it  provides  a  central 
database  of  the  DNA  profiles  from  all  user  laboratories.  The  odd  that 
two  individuals  will  have  the  same  13-loci  DNA  profile  is  about  one  in 
a  billion.  The  13  CODIS  locations  are  TH01,  TPOX,  CSF1 PO,  vWA,  FGA, 
D3S1358,  D5S818,  D7S820,  D13S317,  D16S539,  D8S1179,  D18S51,  and 
D21S11.  The  sex  typing  marker  amelogenin  is  typically  included  in 
STR  multiplexes  that  cover  the  13  core  STR  loci.  The  United  States 
maintains  the  largest  DNA  database  in  the  world :  The  Combined  DNA 
Index  System,  with  over  60  million  records  as  of  2007.62-64 

9.2.2.  Uses  of  bones  and  teeth  in  STR  analysis 

STR  can  also  be  used  for  identification  of  bodies  in  the  mass 
disasters  and  old  skeletal  remains.65-67  DNA  isolated  from  ancient 
skeletal  remains  can  be  subjected  to  STR  analysis  and  even  though 
the  DNA  present  in  these  ancient  remains  appeared  much 
degraded,  it  was  better  conserved  in  tooth  than  in  bone  samples  68 
Correct  sampling  of  the  body  part  is  essential  to  obtain  good  quality 
DNA  for  analysis.  Milos  A  et  al69  reported  that  the  highest  success 
rates  were  observed  with  samples  from  dense  cortical  bone  of 
weight-bearing  leg  bones  (femur  86.9%)  and  intact  teeth  also 
exhibited  high  success  rates  (teeth  82. 7%).69  Various  commercial 
kits  are  available  such  as  AmpFSTR  Profiler  Kit,  AmpFSTR  Profiler 
Plus  Kit,  the  AmpFSTR  COfiler  Kit,  and  the  PowerPlex  16  system  are 
very  sensitive  multiplex  STR  amplification  systems,  which  can  be 
successfully  used  to  obtain  a  multilocus  STR  profile  from  old  teeth 
and  bone  samples  with  minimal  amounts  of  human  DNA  or  even 
with  no  detectable  human  DNA.70 

9.3.  Mitochondrial  DNA  (mtDNA)  analysis 

Long  intervals  between  the  time  of  death  and  examination  of 
tissues  complicate  the  genetic  identification  and  sometimes  only 


bone  and  teeth  may  be  available  for  analysis.  Several  investigators 
have  described  regarding  isolation  of  nuclear  DNA  from  these 
materials,  but  all  have  concluded  that  the  DNA  is  significantly 
degraded.71  Teeth  provide  an  excellent  source  for  high  molecular 
weight  mtDNA  that  can  be  very  valuable  in  forensic  investigations 
of  decomposed  human  remains.72 

Mitochondrial  DNA  sequences  offer  several  unique  advantages 
for  the  identification  of  human  remains.73,74  Its  analysis  uses  DNA 
extracted  from  mitochondrion  which  is  another  organelle  of  the 
cell.  Various  biological  samples  such  as  hair,  bones,  and  teeth  that 
lack  nucleated  cellular  material  can  be  analyzed  with  mtDNA  and  is 
very  useful  in  solving  old  unsolved  forensic  cases.75,76  mtDNA  is 
a  powerful  tool  for  forensic  identification  as  it  possesses  high  copy 
number,  maternal  inheritance,  and  high  degree  of  sequence  vari¬ 
ability.  Each  offspring  have  the  same  mitochondrial  DNA  as  their 
mothers  since  the  mitochondrion  of  each  new  embryo  comes  from 
the  mother’s  egg  cell  and  the  nuclear  DNA  is  contributed  by  father’s 
sperm.  In  investigations  involving  missing  persons,  comparing  the 
mtDNA  profile  of  unidentified  remains  with  the  profile  of  a  poten¬ 
tial  maternal  relative  can  be  an  important  technique.77,78 

9.3.1.  Methods  of  mtDNA  analysis 

Forensic  analysis  of  mitochondrial  D-loop  sequences  using 
Sanger  sequencing  or  SNP  detection  by  mini  sequencing  is  well 
established.  However  pyrosequencing  has  become  an  important 
alternative  as  it  enables  comprehensive  analysis  and  the  quantifi¬ 
cation  of  individual  mtDNAs  in  samples  originating  from  more  than 
one  individual.79  Trace  amounts  of  DNA  or  extensive  degradation 
can  lead  to  failure  of  STR  analysis.  In  these  circumstances  DNA 
typing  of  mitochondrial  displacement  loop  (D-loop)  region  is 
usually  the  method  of  choice  for  investigators  since  most  of  the 
variations  in  mtDNA  among  individuals  are  found  within  the 
D-loop  and  can  be  useful  for  discriminating  among  unrelated 
individuals.80  The  HV  I/HV  II  mtDNA  linear  array  assay,  decreases 
sequencing  efforts  substantially  and  thereby  reducing  the  cost  and 
time  in  forensic  analysis.81 


9.4.  Y-Chromosome  analysis 

DNA-polymorphisms  on  the  human  Y  chromosome  are  valuable 
tools  for  understanding  human  evolution  and  migration.82,83  Y 
chromosome  is  especially  useful  for  tracing  relationships  among 
males  or  for  analyzing  biological  evidence  involving  multiple  male 
contributors  since  Y  chromosome  is  passed  directly  from  father  to 
son.  Majority  of  the  length  of  the  human  Y  chromosome  is  inherited 
as  a  single  block  in  linkage  from  father  to  male  offspring  as 
a  haploid  entity.  Thus,  the  Y  chromosome  is  an  invaluable  record  of 
all  mutations  that  have  occurred  along  male  lineages  throughout 
evolution  and  migration.  Hence  Y  chromosomal  DNA  variation  has 
been  mainly  used  for  investigations  on  human  evolution  and  for 
forensic  purposes  or  paternity  analysis.84 

9.4.1.  Chromosome  Y  specific  STR 

Y-chromosome  STR  polymorphisms  are  used  in  deficiency 
paternity  testing  cases  and  especially  to  discriminate  stains  in 
forensic  investigation  when  a  male  suspect  is  involved.  In  the 
analysis  of  stains  of  sexual  assault  that  comprise  the  mixtures  of 
both  male  as  well  as  female  and  where  the  former  is  at  low 
concentration,  Y-STR  analysis  can  be  particularly  helpful  to  detect 
the  male  DNA  fraction.85-87  The  haploidy  and  patrilineal  inheri¬ 
tance  complicates  the  interpretation  of  a  Y-STR  match,  because 
male  relatives  share  for  several  generations  an  identical  Y-STR 
profile.  Since  paternal  relatives  tend  to  live  in  the  geographic  and 
cultural  territory  of  their  ancestors,  the  Y  chromosome  analysis  has 
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a  potential  to  make  inferences  on  the  population  of  origin  of  a  given 
DNA  profile.88’89 

DNA  isolated  from  the  teeth  and  bones  of  World  War  II  victim’s 
skeletal  remains  was  used  for  identification  through  combined  Y 
chromosome  (STR)  and  MiniSTR  approach.90,91  Y  STR  is  also  been 
reported  to  be  used  in  identification  of  human  remains  found  in 
mass  graves  in  Croatia,  Bosnia  and  Herzegovina.92 

9.4.2.  Commercial  kits  of  Y  STR  analysis 

The  Y-PLEX  12  system  enables  simultaneous  amplification  of 
eleven  polymorphic  short  tandem  repeat  (STR)  loci,  residing  on  the 
Y  chromosome  and  amelogenin  which  can  be  used  in  human 
forensic  and  male  lineage  identification  cases.  Amelogenin 
provides  results  for  gender  identification  and  serves  as  internal 
control  for  PCR.93 

9.5.  X-chromosome  STR 

Chromosome  X  specific  STR  is  used  in  the  identification  and  the 
genomic  studies  of  various  ethnic  groups  in  the  World.94-96  Since 
the  size  of  X-chromosome  STR  alleles  is  small,  generally  including 
100-350  nucleotides,  it  is  relatively  easy  to  be  amplified  and 
detected  with  high  sensitivity.97  X-chromosome  STR  (X-STR) 
markers  are  a  powerful  complimentary  system  especially  in  defi¬ 
ciency  paternity  testing.  Many  X-linked  microsatellites  have  been 
evaluated  but  further  studies  are  required  to  determine  population 
specific  statistics.98 

9.6.  Single  nucleotide  polymorphism  (SNPs) 

Single  nucleotide  polymorphisms  (SNPs)  are  DNA  sequence 
variations  that  occur  when  a  single  nucleotide  (A,T,C,or  G)  in  the 
genome  sequence  is  altered.  For  example  an  SNP  might  change  the 
DNA  sequence  AAGGCTAA  to  ATGGCTAA."  SNPs  are  emerging  as 
new  markers  of  interest  to  the  forensic  medicine  because  of  their 
small  amplicon  size  which  is  useful  in  analysing  degraded  samples, 
lower  mutation  rate  compared  with  STRs,  amenable  to  high 
throughout  analysis  (automation),  abundant  in  the  human  genome, 
can  provide  specific  information  about  ancestry,  lineage,  evolution, 
or  phenotype,  and  also  determine  sex.100,101  The  SNPs  for  forensic 
analysis  can  be  divided  into  four  categories  such  as  identity-testing 
SNPs,  lineage  informative  SNPs,  ancestry  informative  SNPs,  and 
phenotype  informative  SNPs.102  In  recent  years,  SNPs  have  become 
more  widely  used  in  a  variety  of  applications,  including  medical 
diagnostics,  population  genetics,  and  human  identity  testing.103,104 
When  all  the  DNA  typing  systems  have  failed  to  identify  an  indi¬ 
vidual,  SNPs  have  the  ability  to  provide  definite  solution  and  this 
was  proved  when  forensic  scientists  used  SNP  technology 
successfully  to  identify  several  9/11  victims.105 

Recently  Pakstis  AJ  et  al106  have  developed  a  globally  applicable 
resource  of  92  SNPs  for  individual  identification  (IISNPs)  with 
extremely  low  probabilities  of  any  two  unrelated  individuals  from 
anywhere  in  the  world  having  identical  genotypes. 

Limitations  of  SNPs  include  such  as  no  widely  established  core 
loci,  and  requirement  of  large  multiplexing  assays.  SNPs  are  not 
likely  to  replace  core  STRs  currently  used  in  national  DNA  data¬ 
bases,  linkage,  substructure  due  to  low  mutation  rate,  multiple 
typing  platforms  which  make  universal  SNP  selection  difficult.100 
Efforts  are  being  made  to  investigate  whether  it  can  replace  STR 
but  nevertheless  SNPs  are  the  DNA  technology  of  the  future. 

9.7.  Gender  typing 

The  enamel  proteins  that  are  required  for  the  development  of 
normal  tooth  enamel  is  encoded  by  the  amelogenin  genes.  These 


genes  are  part  of  a  small  group  of  genes  that  are  active  on  both  sex 
chromosomes.107  The  amelogenin  gene  is  a  single  copy  gene, 
homologues  of  which  are  located  on  Xp22.1-Xp22.3  and  Yp  11. 2.108 
The  variation  of  length  in  the  X— Y  homologous  amelogenin  gene 
(AMELX  and  AMELY),  are  used  for  gender  identification  and  has 
become  an  integral  part  of  most  PCR  multiplex  kits  employed  for 
DNA  profiling  at  present.109,110 

Dental  pulp  is  a  valuable  source  of  DNA  for  sex  determination.111 
KomuroT  et  al112  have  identified  the  sex  from  the  dental  pulp  DNA 
through  the  analysis  of  the  peaks  of  X  and  Y  locus  by  capillary  gel 
electorphoresis  (CGE).  Many  commercial  kits  are  available  like 
geneprint  sex  determination  which  provide  better  results.113 

10.  Conclusion 

The  application  of  DNA  technology  has  revolutionized  forensic 
identification  procedures  since  its  advent  25  years  back.  Teeth 
provide  an  excellent  source  of  quality  DNA  compared  to  other 
parts  of  the  body  and  has  to  be  considered  in  all  the  forensic 
investigations.  There  is  a  great  progress  in  the  field  of  DNA  research 
from  just  understanding  the  repeat  sequence  of  the  base  pairs  to 
predicting  the  physical  characteristics,  geographical  origin  and  sex 
determination.  There  is  an  enormous  DNA  data  being  maintained  in 
many  countries  which  facilitates  matching  and  identification.  The 
use  of  DNA  technology  has  also  given  rise  to  many  ethical  and  legal 
problems  which  has  to  be  addressed  efficiently  but  nevertheless 
the  field  is  developing  at  fast  pace  to  reach  new  frontiers  and  solve 
many  riddles  hidden  in  the  human  genome. 
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